Aim: to identify possible risk factors for the development of metachronous lesions in colorectal cancer (CRC) which would allow to establish a post-surgical individual prognostic index.
INTRODUCTION
The majority of colorectal cancers (CRC) are sporadic cases (1, 2) and little is known about metachronous or synchronous neoplasms development (3, 4) . These multicentric lesions could be due to mutations in genes related to apoptosis, cellular proliferation or DNA repairing (5), or forms of hereditary non polyposis colorectal cancer syndrome with low penetrance (6) . Finally, this tumor multicentricity could be caused by multiple interacting factors, such as personal or familial predisposition, environmental mechanisms, morphological or immunophenotypical tumor features which would favoured an increased risk of neoplasm development along different colonic sites (7) . Once the tumor and all the possible synchronic lesions are endoscopically or surgically resected, the tumor multicentricity might promote the development of new neoplastic lesions (8, 9) . Similar to synchronous lesions, metachronic neoplasms will be adenomas in most cases and less frequently CRC. There are several publications related to development of metachronous lesions after the resection of the initial polyps in patients with adenomas, but without CRC (10) (11) (12) (13) (14) . However, results obtained from these studies are frequently discordant variables depending on patients and adenomas features. Publications regarding possible risk factors for metachronous lesions development in resected CRC are scarce (8, (13) (14) (15) (16) . Furthermore, their analysis included a limited number of variables and drawn discordant conclusions. On the other hand, some authors suggest CRC history as a possible risk factor favoring metachronous lesion development (17, 18) . Consequently, CRC patients could represent, from the beginning, a high risk population for having Nowadays, there is no agreement about which evolutive control might be better, after CRC is resected and different Clinical Guidelines have been proposed for this purpose (19) (20) (21) . Early identification of these risk parameters for developing metachronic lesions could be useful to classify patients in subgroups of high or low probability of having new neoplasms, which could allow a more or less closer follow-up after all the polyps are endoscopically removed and CRC is resected (22) .
PATIENTS AND METHODS
Three hundred eighty-two CRC diagnosed in two hospitals of our city by pre-, intra-or postoperative total colonoscopy from January 1999 to December 2003, were reviewed. All the synchronous lesions and the primary carcinoma were resected with curative intention and examined by the same pathologist. Multiple polyposis syndromes and intestinal inflammatory disease cases were excluded. Presence of another colorectal tumor at the moment of diagnosis and tubular, villous, or tubulo-villous adenomas were considered as synchronous neoplastic lesions, without including hyperplastic polyps. In CRC cases, metachronous lesion was defined as the lesion that appeared at least 12 months after resection and was not located in the surgical anastomosis (23) . Follow-up was performed by total colonoscopy excluding all cases with an outcome inferior to 12 months.
Patients or their relatives in cases of death answered a postal survey authorizing to be included in the study and where all clinical data were filled out.
Our series was classified into two groups according to the presence of metachronous lesions during follow-up. Differences between two groups related to the following parameters were studied:
- Presence or not of metachronous lesions was considered as the dependent variable, whereas variables that achieved statistical significance (p < 0.05) in the univariate analysis were considered independent.
Drawing up an individual risk index
The model obtained from the multivariable analysis was used to draw up a prognostic risk index for developing metachronous lesions, divided into 3 categories: low, medium and high risk. The index was calculated with the beta coefficient corresponding to each variable in the multivariable regression analysis, multiplied by 1.5 and rounded up to obtain a result with no decimals.
Each patient score was calculated according to the number of variables presented, included in our prognostic index. Once this score is obtained, the most adequate cut-off points to stratify our patients in 3 risk groups for developing metachronous lesions were determined. For this purpose, all the possible groups were considered and the discrimination power of each category was calculated by Chi Square test, selecting the most statistically significant subgroup. The frequency of metachronous lesions in the medium risk subgroup was compared to the overall series.
Afterwards, considering the high risk group as a positive test and the low risk group as a negative test sensibility, specificity, positive predictive value and negative predictive value, and prognostic accuracy with a 95% confidence interval was determined.
The medium risk group was considered as a "non conclusive" result, thus it was no included in the analysis.
RESULTS
Three hundred eighty-two patients with resected CRC were studied. The following synchronous neoplastic lesions were registered at the moment of diagnosis: 28 carcinomas, which mean 7.3% (26 CRC were double and 2 triple), all associated with adenomas.
The endoscopic median follow-up was 48 months and 2.74 ± 1.47 colonoscopies per patient were performed. In the overall results, 7 metachronous carcinomas were diagnosed (1.8%) and metachronous adenomas in 162 cases (42.4%). Twenty four patients (6.3%) developed advanced metachronous adenomas. All metachronous cancers were associated with metachronous adenomas. The average time to diagnosis of the first metachronous lesion was 28.4 ± 21.8 months. Diagnosis was performed after a 5 years follow-up in 15 of 162 cases with metachronous lesions (9.3%).
After the multivariate analysis was carried out, the number of cases was reduced to 251 patients. Five of the 40 studied parameters showed statistical significant differences related to the frequency for developing metachronous lesions. Hence, these variables could be considered as independent risk factors for developing metachronicity: distal cancer location, alcohol intake, presence of isolated or multiple synchronous adenoma, synchronous advanced adenoma and tumor MUC-5 expression (Table I) .
The score for every variable in the individual prognostic index is detailed in table II and figure 1. Starting from this score, patients were included in the following risk groups for developing metachronous neoplasms: low risk: from -2 to +1 points (45.5% of cases); medium risk: from 2 to 3 points (25.5% of cases); high risk: from 4 to 6 points (29.1% of cases). Differences in metachronous lesions frequency between the 3 risk groups were statistically significant with a p < 0.0000001 and are shown in table III.
The frequency of metachronous adenomas in the medium risk group (43.7%) was compared to the metachronous lesions rate in the global series (42.2%), with a nearly identical result: p = 0.90. On account of this, the medium risk group could be considered similar to the global group, and thereby, as a "non conclusive" result.
If we analyze the frequency of metachronous lesions between the low risk group (15.8%) and the high risk group (75.3%), a high statistical significance is obtained [p < 0.0000001; OR = 16.30; (CI 95% = 7.39-36.51)].
Sensibility, specificity, positive predictive value and negative predictive value and diagnostic accuracy for low and high risk groups was determined, excluding the medium risk group from the analysis. High risk group was considered as a "positive test", and low risk group as a "negative test" for developing metachronous lesions. Results are shown in table IV. 
DISCUSSION
The aim of our study has been to analyze at the initial diagnostic moment possible differences related to several parameters between cases with and without metachronous neoplastic colorectal lesions. Finding a higher number of these variables in cases where new neoplasms will be diagnosed could indicate a risk factor for the development of metachronous lesions. Cases with metachronous tumors (all of them with associated adenomas) were classified into the same group as metachronous adenomas, as others authors have published (8) , due to the limited number of metachronous carcinomas in our series.
Our median endoscopic follow-up period of 48 months is in middle position in relation to other publications (8, 28, 29) , with a wide range, even reaching 112 months in one isolated case. Median diagnostic period until the first metachronous lesions was detected was 28 months. Nevertheless, in 9.3% patients the first metachronous adenoma was diagnosed more than 5 years after surgery. Consequently, the follow-up period was extended to the maximum possible, so as to detected the later metachronous lesions.
In the revised bibliography, we found several studies designed with a similar purpose (30) (31) (32) . However, these authors analyzed a scarce number of variables. In a Spanish multicentric study published in 2007 (8), the reduced number of variables analyzed in previous studies is remarked, adding other possible risk factors, with a final number of 20 parameters analyzed. The aim of our study has been to identify a wider group of risk factors than previously published, including familial and personal history, patient clinical data, toxic habits, some particular drug consumption, initial anatomopathological neoplastic findings, comprising certain immunohistochemical markers expression. Thus, we have finally analyzed 40 possible risk factors, much more than considered in previous publications. Five of these 40 variables showed an independent prognostic value, statistically significant, as risk factors for development of metachronous adenomatous lesions. Alcohol intake, location of initial CRC distal to the splenic flexure, presence of synchronous adenomas (isolated and multiple) and presence of synchronous advanced adenoma seem to favor metachronicity. On the other hand, tumor MUC-5 expression proved to have a protective role for developing metachronous lesions.
It has been published that alcohol intake increase the risk of developing colon neoplastic lesions (29, 32, 33) , even at a younger age (32) . There are studies showing the relation between a continuing alcohol intake, including moderate doses of 20-40 g/day (34), with a higher frequency of colorectal neoplasms (adenomas and carcinomas), especially in males (33, 34) . A higher proportion of synchronous adenomas have been described in patients with CRC and alcohol consumption (4). In addition, there is only one study where the lack of relation between alcohol intake and colonic adenomas recurrence is shown (35) . A significant increase in metachronous adenomas incidence in patients with alcohol consumption is registered in our series. To our knowledge, this data has not been reported before and should be verified in later studies.
It has been discussed whether CRC location could have influenced on the incidence of metachronous lesions. Proximal CRC location and a tendency for multicentric lesions are described in patients with non polyposis hereditary colorectal cancer (3). Published results concerning carcinomas are contradictory and scarce, having referred both, the lack of correlation between initial tumor location and metachronicity (36) , and the increased incidence of metachronous lesions in proximal (37, 38) and distal cancers (32,39) as well. All of these studies are focused on metachronous carcinomas and the possible effect on the appearance of new adenomas, which is more frequent, is not investigated. Analyzing our series, we found a significant higher proportion of metachronous lesions in patients with distal CRC. In the revised bibliography, there are no conclusive data which could clarify the association between CRC location and metachronicity. One possible explanation could be that surgeons usually perform a right hemicolectomy in proximal CRC, which means a longer colonic resection than in distal CRC, where a segmentary resection is recommended. Thus, when the length of the remnant colon is shorter, the probability of developing metachronous lesions decreases. An upward trend to a proximal location in successive metachronous adenomas generation is described, reinforcing this hypothesis (40, 41) . A right hemicolectomy would decrease the proportion of metachronous adenomas, which trend to be located in the proximal colon. Synchronous adenomas in CRC are the expression of tumor multicentriciy. Once all the initial metachronous lesions are resected, this multicentricity could be responsible for the development of new metachronous lesions. Consequently, it is reasonable that the presence of synchronous adenomas could be a risk factor for developing metachronous neoplasms. Except for a Chinese study of 2005 (39) , all the rest of revised publications confirm a higher metachronicity risk in patients with synchronous adenomas (8, 12, 36) . Our cases with synchronous adenomas showed a significantly higher frequency of metachronous lesions, agreeing with these studies. Presence of an isolated synchronous adenoma represents an independent risk factor for metachronicity, whereas having more than one adenoma increases the probability of developing metachronous lesions during follow-up. A higher trend towards metachronicity has been registered in patients with adenomatous resected polyps with no CRC, if these adenomas were larger (11, 42) , with vellous component (42) , or with high grade dysplasia (11, 43) . Advanced adenomas share these three characteristics of being larger, with villous component and with high grade dysplasia. In our study, the risk of metachronicity for advanced adenoma was analyzed globally, rather than to study the size, histological type or dysplasia grade separately just to facilitate the statistical analysis. Patients with synchronous advanced adenoma showed a significantly higher frequency of metachronous lesions compared to the rest of analyzed cases.
Immunohistochemical studies in CRC have been directed to the detection of the origin of metastatic colonic lesions and CRC prognosis with discordant results (44, 45) . We did not find any publication focused on the possible value of immunohistochemistry for the assessment of tumor multicentricity risk, which is the principal topic of our research.
In the immunohistochemical study, frequency of MUC-5 tissular expression was the only parameter related to metachronicity with a significant value. Thus, patients with positive tissular expression of MUC-5 have an independent decreased risk for having metachronous neoplasms. This observation should be corroborated by subsequent studies, due to the lack of bibliographic antecedents.
The next step of our research was to draw up an individual risk index so as to classify patients into one of the three different risk groups: low, medium and high risk group for metachronous lesions development. This classification has shown a high discrimination power for estimating metachronicity risk. In addition, we tried to compare our risk group classification to a prognostic test, which results would be "positive" or "negative" for metachronicity. The incidence of metachronous lesions in medium risk patients was similar to overall incidence rate, which allows considering the medium risk group identical to the global population of our series. This finding could be interpreted as a "non conclusive result" in a test, because the pre-test and post-test values would be practically the same.
When the medium risk group is eliminated because its results are considered as inconclusive, 25% of our patients are excluded from our classification risk method. Despite being aware of this limitation, we registered a 16-fold lower probability for metachronous lesions development in low risk patients, compared to the high risk group.
Dividing cases in high and low metachronicity risk groups has shown an acceptable prognostic sensibility of 75%. Specificity value has been superior: 84%, with a very high negative predictive value of 92%. As a whole, prognostic accuracy value reached 81%. This predictive accuracy value beats clearly the pre-test probability of developing metachronous lesions, which was 42.2% for the overall population of our series. Besides, a high remarkable value for no detecting metachronous lesions in the low risk group was registered.
According to these data, drawing up an individual risk index allows to calculate correctly the risk of developing recurrent neoplastic lesions at the time of surgical treatment. Classifying patients into their predictable risk group will facilitate to establish a more appropriate postoperative follow-up. Patients classified into the low risk group would need a less strict follow up when looking for metachronous lesions, if our findings were confirmed.
In the revised bibliography we could not find any other research related to draw up an individual risk index for development of metachronous lesions in CRC which combine epidemiological, clinical, histological, and immunohistochemical variables. On one hand, this fact confers originality to our study, but, on the other hand, it makes us to be cautious when considering our results in the clinical practice, due to the lack of references. Therefore, it would be necessary to validate our data by prospective studies, preferably multicentric, and with a programmed postoperative follow-up.
